Abstract.
Introduction
The modern development of coordination chemistry of 3d-metals and N,S-containing organic ligands is mainly connected with the synthesis of compounds with new biological [1] , catalytic [2] and physico-mechanical [3] properties. The synthesis of heterocyclic thioamides with benzothiazole and benzimidazole fragments is complicated and connected with investigations of Willgerodt-Kindler modified reaction [4] . It is the reason for searching new methods of thioamides synthesis, their effective using in the coordination chemistry of 3d-metals [5] and obtaining compounds with a set of new chemical and physical properties. Previously the heterocyclic thioamides were obtained via thermal [6] or catalytic [3, 4] activation of elemental sulfur according to Eq. (1):
The by-products of oxidative cyclization V and VI are formed additionally to the main arylamides of hetaryl-2-thiocarbonic acid III and IV. In case of catalytic reaction, the sulfur-containing nucleophilic catalyst (Na 2 S·9H 2 O) is used. The catalyst decomposes the initial cyclooctasulfan S 8 to the reactive nucleophilic ions HS -and HS 8-x S - [4] : It should be noted that using the catalyst the yield of heterocyclic thioamides is increased by 2.0-2.5 times [3, 4] compared with the reaction thermal activation (Eq. (1)). However, in this work we propose to improve the synthesis of heterocyclic thioamides by adding dimethylsulfoxide (DMSO) that increases their yield and decreases the reaction temperature. The synthesized thioamides were analyzed as bidentate ligands while complex formation with some 3d-metals.
It should be also noted that nowadays the direct synthesis of coordination compounds of transition 3d-metals and thioamide ligands using HL-ROH-HCl-O 2 proton-donor systems is practically unstudied [7] . Meanwhile, such coordination compounds are widely used in engineering as additives to hydrocarbon materials [8] and model objects of copper(II) [8] and cobalt(II, III) [9] biologically active complexes. In addition, just theoretical studies of the mechanism of the redox reactions occurred on the M 0 -Ox-HL-Solv interface [10] , are of particular interest.
So, the aim of this work is to investigate copper(0, II) complex formation with heterocyclic thioamides.
Experimental

Materials and Methods
To synthesize the heterocyclic thioamides IIIa-IIIi (Table  1) and IVa-IVg (Table 2) X-ray analysis of monocrystal IX was carried out at 293 K using Siemens P3/PC diffractometer (MoK α -radiation, graphite monochromator, scanning method θ/2θ). The whole number of images are 3757, including 3401 independent ones, R int = 0.0740. Crystals are monoclinic, Р2 1/n ; a The components structure was decoded by the direct method and specified by the least-squares method relative to F 2 in full-matrix anisotropic approximation using SHELXTL programs [12] . Hydrogen atoms of methyl groups were assigned geometrically. Two solvated molecules of methyl alcohol are present in the crystal. Full-matrix anisotropic specification of non-hydrogen atoms is completed at R = 0.064 according to 1918 images with І ≥ 2σ(І); S = 1.103.
Synthesis of Hetaryl-2-thiocarboxylic Acid Arylamides
Benzothiazol-2-N-(4-ethoxyphenyl)carbothioamide, IIIc
The reactor equipped by a mechanical stirrer, thermometer and backflow condenser was loaded with 14.9 g (0.1 mol) of 2-methylbenzthiazol, 13.7 g (0.1 mol) of p-phenetidine, 9.6 g (0.3 mol) of sulfur and 1.92 g (8 mmol) of Na 2 S•9H 2 O. The reaction mixture was stirred and 10 ml of benzene was added. Azeotropic solution (benzene+water) was distilled at heating using Dean-Stark head. Then 5 ml of DMSO were added, the temperature was increased to 423 K and the mixture was kept under the mentioned temperature till the end of hydrogen sulfide evolving. The reaction was controlled by the qualitative reaction of lead(II) cation. After the reaction mass was cooled till 333-338 K it was extracted by 5% NaOH solution (3 x 150 ml). The alkaline extracts were collected and neutralized by diluted solution of hydrochloric acid. The precipitate was filtered, dried at the air and recrystallized from the aqueous solutions of methyl and isopropyl alcohols. The yield was 22.6 g (72.0 %); m.p. was 400-401 K.
Other arylamides (IIIa-IIIi) were synthesized in the same way. Their physico-chemical characteristics are given in Table 1 .
Benzimidazol-2-N-(4-bromphenyl)carbothioamide, IVe
The reactor equipped by the mechanical stirrer, thermometer and backflow condenser was loaded with 26.4 g (0.2 mol) of 2-methylbenzimidazole, 36.1 g (0.21 mol) of p-bromaniline, 19.2 g (0.6 mol) of sulfur, 3.6 g (15 mmol) of Na 2 S•9H 2 O and 30 ml of DMSO. The reaction mixture was heated at 383-393 K for 1.5 h without backflow condenser and then at 403-413 K for 10 h with it. The mixture was cooled to 343-353 K and extracted by 5% NaOH (3 x 250 ml). The alkaline extracts were collected. The hot solution was filtrated, cooled to the ambient temperature and acidified by diluted sulfuric acid till pH became 5-6. The yellow precipitate was filtered, dried at the air and recrystallized from the aqueous solution of isopropyl alcohol. Then it was reprecipitated from the diluted NaOH solution and again recrystallized from the aqueous solution of CH 3 OH. The yield was 46.8 g (70.5 %); m.p. was 432.5-433 K.
Other arylamides (IVa-IVg) were synthesized in the same way. Their physico-chemical characteristics are given in Table 2 . 
Synthesis
Results and Discussion
Synthesis of Heterocyclic Thioamides
To continue the investigations of new heterocyclic thioamides synthesis via Willgerodt-Kindler modified reaction [3, 4] we obtained IIIa-IIIi and IVa-IVg compounds by adding aprotic solvent DMSO to the reaction products: (5)). The additional introduction of DMSO aprotic solvent increases thioamides yield by 15-27 % due to the following possible reasons:
-the increase in HS 8-x S -ion nucleophilicity; -the increase in the rate of 2-methylhetarenes methyl group thiolation reaction (formation of intermediate VII) and shift of thione-thiol equilibrium toward the final reaction products III and IV:
Physico-chemical properties of the synthesized heterocyclic thioamides are represented in Tables 1 and 2 . The composition and structure of all synthesized compounds were investigated by elemental analysis and 1 H NMR spectroscopy. In addition, the structure of the compounds IVa-IVf was studied by IR-spectroscopy.
So, for the compounds IVa-IVf the most typical vibrations are stretching vibrations of ν(N-H) thioamide group of average or high intensity in the area of 3370-3260 cm -1 , stretching vibrations of ν(N-H) of heterocyclic fragment of average intensity within 3095-3015 cm -1 and multiplex vibrations of thioamide group which were interpreted as vibrations of "B"-, "D"-and "E"-band [7] . The typical stretching vibrations of "B"-band (C=N + N-H) with greater contribution of N-H group; "D"-band (C-N + C=S) with greater contribution of C-N group and "E"-band (C=S + C-N) with greater contribution of C=S group are represented in Table 3 . 
Synthesis of [Cu(HL
)Cl 2 ] 2 ·2CH 3 OH Complex
Earlier we assumed [7] that the coordination compounds obtained via the direct synthesis, have a dimeric structure. Their general formula is: [Cu(HL [7] and complex IX confirm the identity of their compositions and presence of dimeric structure. CH 3 OH solvent and ligands of different nature (thioamide, HCl) may be the potential donors of hydrogen cation. However, neither methyl alcohol (autoprotolysis:
), nor thioamide ligand (dissociation of weak NH acid:
) are capable to compete with the dissociation of strong acid and its further participation in formation of compound IX dimeric structure:
The composition of compounds IX and X was determined by elemental analysis, their structure -by IR-investigations (Table 3 ). The comparison of IVc and IX, X IR-spectra confirms the proceeding of complexation reaction and their structure (Scheme (8)).
IR-spectra of the compounds IX and X are practically identical. There is the shift of thioamide group ν(N-H) bond vibrations by 60 cm -1 compared with IVc whereas stretching vibrations of benzimidazole fragment ν(N-H) bond are the same. For ν(N-H) bonds (band "B") the strong stretching vibrations are typical, as well as their shift toward the high field by 13 and 9 cm -1 for the compounds IX and X, respectively. Stretching vibrations of ν(C-H) and ν(C=S) bonds (band "D") of the average intensity shift toward high and low fields by 23 and 29 cm -1 , respectively. For the band "E" the shift of ν(C=S) stretching vibrations toward low field by 17 cm -1 is typical. The spectral data are confirmed by the results of other investigations [7] and prove the structure of the compounds IX and X obtained via both direct and traditional synthesis. (1) is actually in the plane of equatorial atoms (deviation is 0.028(1)Å).According to X-ray analysis (Fig. 1) there are three planar fragments in the molecule of thioamide ligand: benzimidazole bicycle (fragment А, mean square deviation of atoms from the plane is 0.013 Å); S(1), N(3), C(8) and C(9) atoms, (fragment B, deviation is 0.011 Å) and ethoxyphenyl radical (fragment C, deviation is 0.036 Å). The rotation angles of fragments B and C relative to A are 16.8 and 111.6 º, respectively. The length of N(1)-С(7) bond in benzimidazole fragment is 1.341(7) Å, that approximates to the mean value of carbon-nitrogen double bond (1.339 Å) [13] . At the same time C(8)-S(1) bond is shorter than typical values of C=S double bond (cf. 1.632(6) and 1.671 Å). The length of other bonds is typical [14] .
X-ray
Conclusions
New arylamides of hetaryl-2-thiocarboxylic acid were synthesized via Willgerodt-Kindler modified reaction. The introduction of DMSO aprotic solvent into the reaction mass increases the yield of heterocyclic thioamides by 15-27 %. The composition and structure of the final products were studied by means of chemical analysis, IR-and 1 H NMR-spectroscopy. We synthesized di(μ-chloro)-dichloro-bis[benzimidazol-2-N-(4-ethoxyphenyl)carbothioamide]copper(II) coordination compound solvated by methanol. Its composition and binuclear structure were studied using IR-spectroscopy and X-ray analysis.
X-ray analysis was used to examine the dimeric structure of the complex compounds of general formula [Cu(HL 
